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Abstract
Recently a JPC = 0++ (X(1812)) state with a mass near the threshold of ω and
φ has been observed by the BES collaboration in J/ψ → γωφ decay. It has been
suggested that it is a IG = 0+ state. If it is true, this state fits in a mixing scheme
based on quarkonia, glueball and hybrid (QGH) very nicely where five physical states
are predicted. Together with the known f0(1370), f0(1500), f0(1710), and f0(1790)
states, X(1812) completes the five members in this family. Using known experimental
data on these particles we determine the ranges of the mixing parameters and predict
decay properties for X(1812). We also discuss some features which may be able to
distinguish between four-quark and hybrid mixing schemes.
PACS numbers: 12.39.Mk, 13.25.Gv
1 Introduction
An enhancement has been observed by the BES collaboration near the threshold of the
invariant mass spectrum of ωφ in the radiative decay J/ψ → γωφ. Their results indicate
the existence of a new resonant state of JPC = 0++ with a mass and a width given by
m = 1812+19−26(stat)±18(syst)MeV/c2 and Γ = 105±20(stat)±28(syst)MeV/c2. The observed
branching ratio for J/ψ → γωφ is B(J/ψ → γX) · B(X → ωφ) = (2.61 ± 0.27(stat) ±
0.65(syst))× 10−4 [1]. This resonant state is named as X(1812).
Earlier the BES collaboration also reported another JPC = 0++ state in the spectrum of
ππ of J/ψ → φππ with a mass of 1790+40−30 MeV and a width of 270+80−30 MeV, named f0(1790).
The branching ratio B(J/ψ → φf0(1790)→ φππ) is determined to be (6.2± 1.4)× 10−4[2].
It has been suggested that f0(1790) is a I
G(JPC) = 0+(0++) state. There are several other
0+(0++) states with mass in the range of 1 GeV to 2 GeV, these are f0(1370) , f0(1500)
and f0(1710). The states f0(1370), f0(1500), f0(1710), f0(1790), having the same quantum
numbers with masses not far from each other, can have significant mixing. The usual basis
describing meson mixing based on QCD picture, includes quarkonia and glueball. Without
considering excited states, the ground states of the quarkonia and glueball basis, N =
(u¯u + d¯d)/
√
2, S = s¯s and G = gg, can only accommodate three 0+(0++) states. Previous
studies have, therefore, considered three states mixing with f0(1370), f0(1500) and f0(1710)
as members[3, 4, 5, 6]. The addition of f0(1790) into the picture requires an enlargement of
the basis. In QCD, the next simplest states having the quantum numbers compared with
the quarkonia and glueball basis is the hybrid basis composed of an anti-quark q¯, a quark
q and a gluon g, i.e. q¯qg which contains two independent 0+ states, ξN = (u¯u + d¯d)g/
√
2
and ξS = s¯sg. Therefore introduction of hybrid states to accommodate f0(1790) implies the
existence of another 0+ state. In our recent study[7], we have carried out such an analysis.
Since the mass of the possible new state was not known at the time, two solutions for the
eigenstates (mainly hybrid states) were obtained with one of them having a mass about 1760
MeV and the other about 1820 MeV. The later case fits the new X(1812) state well within
the experimental error.
We remark that the identification of X(1812) as a mainly hybrid state has an extra
bonus. If X(1812) is a quarkonia state, J/ψ → γωφ decay is a doubly OZI suppressed
process. Thus its branching ratio should be small. The observed branching ratio B(J/ψ →
1
γX) ·B(X → ωφ) = (2.61±0.27(stat)±0.65(syst))×10−4 is too large to be explained. This
fact indicates that X(1812) contains exotic component which allows larger branching ratio
for J/ψ → γX(1812)→ γωφ. We note that both glueball and hybrid states can transit into
a ωφ state without the usual OZI suppression. If indeed X(1812) is mainly a hybrid state, it
can naturally explain the large than expected branching ratio for J/ψ → γX(1812)→ γωφ.
The quarkonia, glueball and hybrid (QGH) mixing scheme proposed in Ref. [7] therefore
provides a natural description of the five members in the 0+(0++) family mentioned above.
In this paper we study further the implications of the QGH mixing scheme, and comment
on four quark scheme for X(1812).
2 A Scenario for QGH mixing matrix
We now study possible structure for the QGH mixing. The effective Hamiltonian H for
the system cannot be calculated from QCD yet because of complicated non-perturbative
effects. There have been some efforts to estimate the masses of hybrid mesons by using
Constituent Gluon Model[8], Flux Tube Model[9], Bag Model[10], QCD Sum Rules[11] and
also Lattice QCD[12]. A summary at HARDRON’95 listed the mass range for the ground-
state of hybrid as 1.3-1.8GeV[13]. Some relevant topics about the experimental status of
hybrid states can be found in Ref.[14]. In Ref.[15], the author used the bag model to
estimate the mass ranges of scalar hybrids, and obtained 1.51-1.90 GeV for (uu¯+ dd¯)g/
√
2
and 2.0-2.1 GeV for ss¯g. Lattice calculations give MG[16] to be in the range 1.5 ∼ 1.7 GeV.
Since theoretical uncertainties on the masses are too large to rule out a particular mass
range, we will take a more phenomenological approach assuming the QGH mixing scheme
and study some consequences of this mixing scheme. Although it is difficult to have a precise
theoretical prediction on the mixing parameters, some simplifications can be made. One first
notices that the matrix elements < N |H|S > and < ξN |H|ξS > are OZI suppressed and can
therefore be neglected at the lowest order approximation. The same argument applies to
< N, S|H|ξN,S >. Possible large mixing can occur between glueball and quarkonia, hybrid
states. Since the couplings of glueball-quarkonia, and glueball-hybrid are flavor-independent,
one has the relation e = 〈G|H|ξS〉 = 〈G|H|ξN〉/
√
2, and f = 〈G|H|S〉 = 〈G|H|N〉/√2. With
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the approximation described above, the mass matrix can be expressed as
M =


MξS 0 e 0 0
0 MξN
√
2e 0 0
e
√
2e MG f
√
2f
0 0 f MS 0
0 0
√
2f 0 MN


, (1)
where MξS = 〈ξS|H|ξS〉, MξN = 〈ξN |H|ξN〉, MG = 〈G|H|G〉, MS = 〈S|H|S〉 and MN =
〈N |H|N〉.
We parameterize the relation between the physical states and the basis as


|X1〉
|X2〉
|X3〉
|X4〉
|X5〉


=


|X(1812)〉
|f0(1790)〉
|f0(1710)〉
|f0(1500)〉
|f0(1370)〉


= U


|ξS〉
|ξN〉
|G〉
|S〉
|N〉


, U =


v1 w1 z1 y1 x1
v2 w2 z2 y2 x2
v3 w3 z3 y3 x3
v4 w4 z4 y4 x4
v5 w5 z5 y5 x5


. (2)
As H is not derivable and therefore neither all the matrix elements, we need to determine
them by fitting data. The mixing parameters vi, zi and yi depend on the seven parameters
MξS ,ξN ,G,S,N , e and f . The available data which are directly related to these parameters
are the five known eigen-masses of X(1812), f0(1790), f0(1710), f0(1500), f0(1370). To
completely fix all the parameters, more information is needed. To this end, we use informa-
tion from the ratios of the measured branching ratios of f0(1790), f0(1710), f0(1500), and
f0(1370) to two pseudoscalar mesons listed in Table 1.
The effective Hamiltonian of scalar state decaying into two pseudoscalar mesons can be
written as [17]
HPPeff = f1Tr[XFPFPF ] + f2XGTr[PFPF ] + f3XGTr[PF ]Tr[PF ] + f4Tr[XHPFPF ]
+ f5Tr[XHPF ]Tr[PF ] + f6Tr[XF ]Tr[PFPF ] + f7Tr[XFPF ]Tr[PF ]
+ f8Tr[XF ]Tr[PF ]Tr[PF ] + f9Tr[XH ]Tr[PFPF ] + f10Tr[XH ]Tr[PF ]Tr[PF ]. (3)
Here XF,G,H are the quarkonia, glueball and hybrid states. XF,H are diagonal matrices
XF,H = diag(X
1
F,H, X
2
F,H , X
3
F,H). In terms of the physical component, we have
X1F = X
2
F =
1√
2
|N〉 =∑
i
xi√
2
Xi, X
3
F = |S〉 =
∑
i
yiXi,
3
XF
PF
PF
XG
PF
PF
XG
PF
PF
XH
PF
PF
XH
PF
PF
(1) (2) (3) (4) (5)
XF
PF
PF
XF PF
PF
XF
PF
PF
XH
PF
PF
XG
PF
PF
(6) (7) (8) (9) (10)
Figure 1: The diagrams corresponding, respectively, to terms in eq.(3). The last five terms
are OZI suppressed ones. The processes of Xi → V V ′ can be described by the same diagrams
with the two pseudoscalar mesons in the final states replaced by two vector mesons.
X1H = X
2
H =
1√
2
|ξN〉 =
∑
i
wi√
2
Xi, X
3
H = |ξS〉 =
∑
i
viXi,
XG = |G〉 =
∑
i
ziXi. (4)
PF is the nonet pseudoscalar mesons,
PF =


pi0√
2
+
xηη+xη′η
′
√
2
π+ K+
π− − pi0√
2
+
xηη+xη′η
′
√
2
K0
K− K¯0 yηη + yη′η
′

 . (5)
In the above, xη = yη′ = (cos θ −
√
2 sin θ)/
√
3, xη′ = −yη = (sin θ +
√
2 cos θ)/
√
3 with
θ = −19.1◦ being the η − η′ mixing angle[18].
The corresponding diagram representation for each term fi is shown in Figure 1. The
terms f6−10 in the above effective Hamiltonian describing the decay modes with two meson
final states are OZI suppressed as can be seen from Figure 1((6)-(10)). The contributions
from these terms can be neglected to a good approximation. Within this approximation, 5
parameters (actually 4 parameters ξi = f1+i/f1 when considering ratios of branching ratios)
are needed to describe decay modes with two pseudoscalar mesons in the final states.
If the X(1812) state is indeed the fifth member of the QGH mixing scheme, one has one
more data point, the mass, to constrain the parameters. Totally we now have five eigen-
masses of f0(1370), f0(1500), f0(1710), f0(1790), X(1812), and nine ratios of the branching
ratios listed in Table 11 to determine the 11 parameters (7 parameters in the mass matrix
1In our fit we take the 90% C.L. as 2σ error and take the central value to be zero for the data point for
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plus the 4 parameters ξi in the decay amplitudes). One therefore is able to carry out a χ
2
analysis with 3 degrees of freedom to test the mechanism in detail. In our fit, we also made
sure that the allowed parameter space should not result in any predicted branching ratio to
be larger than unity when data on total decay widths of relevant particles are used.
Experiment data[19] Best fit
Γ(f0(1370)→pipi)
Γ(f0(1370)→KK¯) 2.17± 0.90 2.22
Γ(f0(1370)→ηη)
Γ(f0(1370)→KK¯) 0.35± 0.30 0.42
Γ(f0(1500)→pipi)
Γ(f0(1500)→ηη) 5.56± 0.93 5.45
Γ(f0(1500)→KK¯)
Γ(f0(1500)→pipi) 0.33± 0.07 0.32
Γ(f0(1500)→ηη′)
Γ(f0(1500)→ηη) 0.53± 0.23 0.26
Γ(f0(1710)→pipi)
Γ(f0(1710)→KK¯) 0.20± 0.03 0.20
Γ(f0(1710)→ηη)
Γ(f0(1710)→KK¯) 0.48± 0.19 0.27
Γ(f0(1710)→ηη′)
Γ(f0(1710)→KK¯) < 0.04(90% C.L.) 0.007
Γ(f0(1790)→pipi)
Γ(f0(1790)→KK¯) 3.88
+5.6
−1.9[2] 3.84
MX(1812)(MeV)[1] 1812
+19
−26(stat)± 18(syst) 1809
Mf0(1790)(MeV)[2] 1790
+40
−30 1797
Mf0(1710)(MeV)[14] 1714± 5 1714
Mf0(1500)(MeV)[14] 1507± 5 1510
Mf0(1370)(MeV)[14] 1350± 150 1242
Table 1: The measured and predicted central values for branching ratios and masses. The
minimal χ2 per degree of freedom is 1.26.
The best fit values for relevant quantities from our χ2 analysis are listed in Tables 1
and 2. The minimal χ2 per degree of freedom of our fit is 1.26 indicating a good fit. The
data fitting quality has been improved compared with our previous study. The QGH mixing
scheme is a reasonable scheme to describe the mixing of the five 0+(0++) states. In Table 2
we also list estimates for the 68.3% error tolerance in the parameters by allowing minimal χ2
per degree of freedom to float up by an amount accordingly (with three degrees of freedom
it is 1.17). We see that the χ2 is not sensitive to ξ4. More data are need to have a better
Γ(f0(1710)→ ηη′)/Γ(f0(1710)→ KK¯).
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determination for these parameters.
The best fit values for the mxing matrix elements are given by
U =


−0.971 −0.197 −0.106 −0.074 −0.031
−0.215 +0.967 +0.106 +0.081 +0.032
−0.087 −0.143 +0.403 +0.888 +0.146
+0.048 +0.070 −0.707 +0.429 −0.557
+0.020 +0.029 −0.562 +0.127 +0.817


.
We see that the dominant component of X(1812) is ss¯g, whereas the (uu¯+ dd¯)g/
√
2 is
the dominant one in f0(1790). The main components of f0(1710), f0(1500) and f0(1370) are
S, glueball(G) and N, respectively.
Parameter Best fit and errors Parameter Best fit and errors
e 20+8−12 (MeV)
MξS 1807
+58
−7 (MeV) f 97
+7
−6 (MeV)
MξN 1794
+7
−23 (MeV) ξ1 0.83
+0.07
−0.03
MG 1465
+9
−9 (MeV) ξ2 0.53
+0.28
−0.37
MS 1670
+10
−11 (MeV) ξ3 0.92
+0.55
−0.73
MN 1336
+17
−10 (MeV) ξ4 −3.08+3.41−1.65
Table 2: The values for the parameters in the mass matrix M and the ratios ξi = f1+i/f1
(i = 1 ∼ 4) in the decay effective Hamiltonian HPPeff .
3 QGH Predictions for X(1812) and f0(1790) decays
Predictions can be made for X(1812) and f0(1790) decays using the QGH mixing scheme
with parameters determined in the previous section. These predictions can be used to further
test the QGH mixing mechanism and the mixing pattern suggested. We will concentrate on
two pseudoscalar PP ′ and two vector V V ′ decays here.
X(1812)(f0(1790))→ PP ′
The decay amplitudes for two-pseudoscalar-meson decays can be obtained using eq.(3).
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With the numerical values determined for the parameters we obtain
B(X(1812)→ ππ) : B(X(1812)→ KK¯) : B(X(1812)→ ηη) : B(X(1812)→ ηη′)
= 4 : 37 : 33 : 0.3,
B(f0(1790)→ ππ) : B(f0(1790)→ KK¯) : B(f0(1790)→ ηη) : B(f0(1790)→ ηη′)
= 17 : 4 : 10 : 54.
The above ratios also stand for B(J/ψ → γX(1812) → γPP ′) and B(J/ψ → γf0(1790) →
γPP ′).
The normalization of the above branching ratios can be fixed by using the measured
value of B(f0(1710) → KK¯) = 0.38+0.09−0.19 [14] and the measured widths for the Xi states.
We obtain the corresponding values for Γ(X(1812)(f0(1790))→ PP ′) given in Table 3. The
large branching ratios for X(1812) → K¯K, ηη and f0(1790) → ηη′ are good tests for this
mechanism.
We remark that to guarantee the resultant branching ratios of Xi → PP ′ to be less than
unity (which must be) is a non-trivial task since we have used experimental data for the
decay widths. The success increases our confidence on the QGH mixing scheme.
BR(X(1812)→ ππ) 4.4%
BR(X(1812)→ KK¯) 37.1%
BR(X(1812)→ ηη) 32.6%
BR(X(1812)→ ηη′) 0.29%
BR(f0(1790)→ ππ) 16.8%
BR(f0(1790)→ KK¯) 4.4%
BR(f0(1790)→ ηη) 9.8%
BR(f0(1790)→ ηη′) 54.5%
Table 3: The central values for the branching ratios of X(1812)→ PP ′ and f0(1790)→ PP ′.
X(1812)(f0(1790))→ V V ′
The two-vector-meson decay modes are important ones to study since in fact the reso-
nance X(1812) is observed in the V V ′ channel. The effective Hamiltonian is similar to that
for the Pseudoscalar meson case with certain modifications. Corresponding to each of the
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terms for PFPF in eq.(3), there are two terms V
µνVµν/2 (V
µν = ∂µV ν − ∂νV µ) and V µVµ.
Here V is the nonet vector meson states,
V =


ρ0√
2
+ ω√
2
ρ+ K∗+
ρ− − ρ0√
2
+ ω√
2
K∗0
K∗− K¯∗0 φ

 . (6)
We will denote the couplings by gi and giai for the two terms respectively for V V
′ decays,
in place of fi for PP
′ decays. For example, the terms corresponding to f1Tr[XFPFPF ] will
be written as (1/2)g1Tr[XFV
µνVµν ] + g1a1Tr[XFV
µVµ]. To the leading approximation one
can neglect the OZI suppressed amplitudes g6−10. We obtain[20]
A(Xi → ρρ) =
√
3
(
g˜1xi +
√
2g˜2zi + g˜4wi
)
,
A(Xi → K∗K¯∗) =
(
g˜1xi + g˜1
√
2yi + 2
√
2g˜2zi + g˜4
√
2vi + g˜4wi
)
,
A(Xi → ωω) =
(
g˜1xi + g˜2
√
2zi + 2
√
2g˜3zi + g˜4wi + 2g˜5wi
)
,
A(Xi → ωφ) =
(
2
√
2g˜3zi +
√
2g˜5vi + g˜5wi
)
, (7)
where g˜j ≈ g′jǫV1 · ǫV2 with g′j = gj(p1 · p2 + aj). Here we have only kept S-wave contribution
since the decays are all close to the threshold and the dominant contribution comes from the
S-wave term. With this approximation, there is just one parameter g′j to consider for each
of the terms.
Unfortunately at present not much experimental information is available for V V ′ decays
except J/ψ → γX(1812) → γωφ. Further theoretical considerations are needed to clarify
the situation and make useful predictions. To this end we notice, from eq.(6), that the
physical state X(1812) and f0(1790) are dominated by ξS = s¯sg and ξN = (u¯u + d¯d)g/
√
2.
If the parameters g′1−5 are within a factor of o(1) order, one can neglect terms proportional
to xi, yi and zi in eq.(7) for X(1812) and f0(1790) V V
′ decays. With this approximation
the decay amplitudes depend on only two unknown parameters, g′4 and g
′
5. The ratios
b1 = Γ(X(1812) → ρρ)/Γ(X(1812) → ωφ), b2 = Γ(X(1812) → ωω)/Γ(X(1812) → ωφ),
b3 = Γ(X(1812) → K∗K¯∗)/Γ(X(1812) → ωφ) and b4 = Γ(f0(1790) → ωω)/Γ(b0(1790) →
ρρ) depend on just one parameter β = g′5/g
′
4. In Figure 2, we show the ratios for bi for β
varying from 0.3 to 3 for illustration. We see that the relative branching ratios can change a
large range. When more experimental data become available, information on the parameter
β will be extracted.
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Figure 2: The dependence of bi on the parameter of β.
We now make an estimate of the branching ratio for J/ψ → γX(1812). The transition
matrix element of J/ψ → γXi can be written as
〈γXi|J/ψ〉 = xi〈γN |J/ψ〉+ yi〈γS|J/ψ〉+ zi〈γG|J/ψ〉+ wi〈γξN |J/ψ〉+ vi〈γξS|J/ψ〉. (8)
If the SU(3) symmetry applies, we would have
〈γS|J/ψ〉 = 〈γN |J/ψ〉/
√
2 and 〈γξS|J/ψ〉 = 〈γξN |J/ψ〉/
√
2, (9)
and the relations [21, 22] roughly hold
〈γG|J/ψ〉 : 〈γξS|J/ψ〉 : 〈γS|J/ψ〉 ∼ 1 : √αs : αs. (10)
We obtain an estimation
Γ(J/ψ → γXi) = |ki|
24πM2J/ψ
[αs(
√
2xi + yi) +
√
αs(vi +
√
2wi) + zi]
2|M(J/ψ → γG)|2, (11)
where ki is the three-momentum of final states in the center of mass frame of J/ψ.
To obtain information on |M(J/ψ → γG)|2 and therefore the branching ratios for J/ψ →
γX(1812)(f0(1790)), we use experimental data on B(J/ψ → γf0(1710)→ γKK¯) = 8.5+1.2−0.9×
9
10−4, B(f0(1710)→ KK¯) = 0.38+0.09−0.19 [14], and obtain the ranges and central values (in the
brakect) in the following with αs = 0.26.
|M(J/ψ → γG)|2 = 0.005 ∼ 0.016(0.007)GeV2,
which leads to
B(J/ψ → γX(1812)) = (0.3 ∼ 1.0(0.4))%,
B(X(1812)→ ωφ) = (1.8 ∼ 11.5(6.5))%,
B(J/ψ → γf0(1790)) = (0.3 ∼ 0.9(0.4))%. (12)
Obviously, the numbers obtained are based on crude approximation which should be taken
as an order of magnitude estimate.
4 Discussions and Conclusions
In our earlier work[7], based on the experimental measurements on the four 0+ mesons
(f0(1370), f0(1500), f0(1710) and f0(1790)), we suggested that the basis must be enlarged to
include hybrid states to have a unified description of 0+ states, the QGH mixing scheme.
Because there are two independent states (uu¯+dd¯)g/
√
2 and (ss¯)g for the hybrids of isospin
singlet, we predict existence of an extra 0+ meson. The new state X(1812) discovered
recently by the BES collaboration fits in such a picture very nicely.
Based on the ansatz for the mixing pattern of eq.(1) in the QGH scheme, we carry out a χ2
analysis to obtain the mixing matrix and the concerned parameters in the effective lagrangian
for 0+ → PP ′ using all avaliable experimental data on the spectra and decay branching ratios
of the five members. We obtain a rather satisfactory result with the minimal χ2 to be 3.79
for three degrees of freedom. This fit can explain the relatively large branching ratio of decay
mode X(1812) → φω observed by the BES collaboration [1] which was supposed to be a
double-OZI suppressed process for usual quarkonia state.
It is noticed that after fitting the measured values of spectra and branching ratios, we
find that the masses of MξS and MξN in the mixing matrix are close, because the masses
of f0(1790) and X(1812) are not far apart. That is what the data imply. The situation
for regular q − q¯ system is different, as we obtain by fitting data MS −MN ≃ 350 MeV,
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although in the range of the usual SU(3) breaking effect. In Ref.[15] the masses of the scalar
hybrids in terms of the bag model as 1.51-1.90 GeV for (uu¯+ dd¯)g/
√
2 and 2.0-2.1 GeV for
ss¯g. If considering the upper limit, the difference for hybrid states is indeed very small. The
closeness may be understood that due to the gluon existence in the state, the flavor SU(3)
breaking becomes milder. Of course this allegation needs to be tested in the future.
With all the information available, we have made theoretical predictions on the decay
branching ratios of f0(1790), X(1812) into two pseudoscalar mesons. We find that the main
decay channel of X(1812) are KK¯ and ηη. If these predictions are confirmed by experiment,
it implies that the main content of X(1812) is ss¯g. In fact, the branching ratios of other
modes are not too small and have the same order of magnitude as B(X(1812) → ωφ),
and can be measured in the future experiments. Instead, among all the decay channels of
B(f0(1790) → KK¯, ηη) are relatively small, but B(f0(1790) → ηη′, ππ) would be large.
Experimentally, the two modes f0(1790)→ ππ and f0(1790)→ KK¯ have been observed, so
we suggest our experimental colleagues to measure the channel f0(1790)→ ηη′, ηη.
At present, very limited data about the decays of f0(1370, 1500, 1710, 1790) and X(1812)
into two vector mesons are available, therefore we have made further approximation to esti-
mate related decays by keeping only the main terms g′4 and g
′
5 in the effective lagrangian for
decay amplitudes. With more data in the future, the relevant parameters can be determined
better.
We have also made a rough estimate of the branching ratios of J/Ψ → γX(1812) and
J/Ψ → γf0(1790). These results can provide useful information to our experimental col-
leagues for carrying out further tests.
Before closing this section we would like to make some comments on another alternative
scenario for X(1812), the four-quark state mechanism. Four-quark state can also accommo-
date new 0+(0++) particles[23]. An immediate question arises about this scenario is that
how many ground states of 0+(0++) can be formed with four light quarks and how to identify
the dominant component of X(1812).
The number of ground states can be easily obtained by looking at the number of isospin
I = 0 states from q¯iΓqj q¯kΓql. Here i, j, k, l are color indices. Γ indicates combination of Dirac
matrices with appropriate Lorentz indices. We remark that when counting the number of
physical 0+(0++) states, the states with the same flavor structure should be counted as one
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state. To find the number of I = 0 states formed from two quarks (3 of SU(3)) and two anti-
quarks (3¯ of SU(3)), one can decompose 3 and 3¯ into SU(2) isospin group to have 3 = 1 + 2
and 3¯ = 1 + 2¯ and identify the I = 0 states. There are, naively, five possible I = 0 states
given by
Os¯ss¯s = s¯ss¯s, Oq¯ss¯q = u¯ss¯u+ d¯ss¯d, Os¯qq¯s = s¯uu¯s+ s¯dd¯s,
O(q¯q)0(q¯q)0 = (u¯u+ d¯d)(u¯u+ d¯d), O(q¯q)1(q¯q)1 = u¯dd¯u+
1
2
(u¯u− d¯d)(u¯u− d¯d) + d¯uu¯d.
It is clear that Oq¯ss¯q is the same as Os¯qq¯s as far as flavor contents are concerned and therefore
should be identified as the same which we will denote as Os¯sq¯q. O(q¯q)0(q¯q)0 is the I = 0 state
formed from two I = 0 q¯q structures, and O(q¯q)1(q¯q)1 is the I = 0 state formed from two I = 1
q¯q structures.
If kinematically allowed states are dominated by Os¯ss¯s, Os¯sq¯q, O(q¯q)0(q¯q)0 and O(q¯q)1(q¯q)1 ,
should have their dominant decay modes to be of the types: (φφ, η(
′)η(
′)), (φω,K¯∗K∗,
η(
′)η(
′), K¯K), (ωω, η(
′)η(
′)), and (ρρ, ππ), respectively. The X(1812) state, if dominated
by a four-quark state, should have large Os¯sq¯q component.
The above discussion shows that if the X(1812) is a 0+ composed of four quarks, there
should be another three 0+ states. If these states mix with quarkonia and glueball, then
there should be seven 0+ states. Interesting enough, these can accommodate f0(600), f0(980),
f0(1370), f0(1500), f0(1710), f0(1790) and X(1812). This is different than the QGH mixing
scheme where f0(600) and f0(980) are left out in the picture which may be accounted for by
introducing molecular states. The detailed mixing is difficult to study due to lack of both
experimental and theoretical information. More theoretical and experimental studies are
needed.
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